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Abstract. Fuzzy logic has been incorporated in many expert systems to solve real world problems that are 
inherently ambiguous. With fuzzy logic it is possible to program human intuition through the development of 
fuzzy expert system shells. A fuzzy expert system shell is a tool that helps build expert systems to manage fuzzy 
problems. Commercial as well as non-commercial fuzzy expert system shells are available. These shells provide 
variety of functions to facilitate the development of fuzzy expert systems for real world problems in different 
application areas such as medicine, engineering, and finance. To the best of our knowledge, none of the available 
fuzzy shells is natively developed for the Arabic language. This paper describes the development and the 
experimentation of a bilingual fuzzy expert system shell. This shell is intended to be a research tool for fuzzy 
expert systems developers in bilingual environments similar to those in the Arab world where users and developers 
use multi-languages due to their educational backgrounds and working environments. The shell processes fuzzy 
terms of the Arabic language as well as the English language. The shell is a general purpose shell that provides 
users with the ability to develop Arabic/English fuzzy expert systems using a simple Graphical User Interface. It 
applies implication methods that bear resemblance to human intuition. In the process of the development, a 
comparison of various fuzzy expert system shells has been performed to identify strengths and weaknesses of 
available shells. Experiments with our shell are reported and its performance is compared to existing shells that 
use different implication methods. 
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1. Introduction 
 
Expert system shells are versatile tools that are used 
to create expert systems.  Fuzzy expert system shells 
have been developed to allow for reasoning that 
deals with crisp and fuzzy sets. These shells allow 
incorporation and manipulation of imprecise 
information using fuzzy set theory developed by 
Zadeh (Zadeh, 1965). They are used to create expert 
systems that can handle imprecise situations 
effectively. The ability to operate under imprecise 
environment makes expert systems closely behave 
like human being and provides a natural 
representation of people's daily terminologies. The 
ability of treating ambiguities, in a manner similar to 
human experts, makes expert systems versatile and 
adaptable to unforeseen circumstances which are 
difficult to avoid in real life applications. This has 
made fuzzy logic a suitable means to deal with the 
fuzziness of data and knowledge frequently 
encountered in the terminologies of human experts 
when developing knowledge based systems (Kelmet 
and Slany, 1993).  
 
There have been attempts to design fuzzy expert 
system shells for large-scale general-purpose as well 
as domain specific applications (Philip, 1991; Aly 
and Vrana, 2006). Over the years, a large number of 
expert system shells have been developed and 
several of them are commercially available. JFK 
(López-Ortega, 2006), FuzzyShell (Pan, 1996), 
FuzzyJess (Orchard, 2001), FuzzyCLIPS (Orchard, 
2004), FLINT (Shalfield, 2005), FLOPS (Siler and 
Buckley, 2005), Fuzzy Logic (Mathworks, 1999), 
and FuzzyJ toolkit (Council, 2001; Orchard, 2001) 
are examples of expert system shells. We have 
analyzed several of the existing shells in an attempt 
to indentify a shell having features that natively 
supports application development in Arabic language 
while allowing for application development in other 
languages. We searched for a shell that 
accommodates for Arabic fuzzy terms naturally and 
which employ intuitional inference methods. Our 
unsuccessful endeavor and realizing that making 
such a shell available will be useful for bilingual 
developers and users in research and educational 
environments motivated us to design and implement 
a fuzzy shell with Arabic/English support.   
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In the process, we have found it helpful to furnish 
a comparison for a set of the available fuzzy shells.  
These shells differ from one another in several 
aspects.  For example, most of the shells implement 
inference methods that are mentioned in (Zadeh, 
1975; Mamdani, 1977) while many (Fukami, 1980; 
Mizumoto, 1981; Mizumoto, 1982) have advocated 
that the methods that are based on the interpretation 
given in (Mizumoto et al., 1979; Mizumoto et al., 
1979; Mizumoto et al., 1979) perform better as they 
induce human intuition. In this research, we have 
taken the interpretation that is supported in 
(Mizumoto et al., 1979; Mizumoto et al., 1979; 
Mizumoto et al., 1979; Mizumoto, 1981). Our work 
in (Mathkour et al., 2009) introduces an Arabized 
fuzzy expert system shell. In this paper, we present 
the development of a bilingual (Arabic/English) 
fuzzy expert system shell, which is an extension of 
our work in (Mathkour et al., 2009), to allow for 
both the Arabic and English languages. We also 
report on experiments with the shell using real life 
data to demonstrate and analyze its human-like 
behavior using the selected inference methods. To 
measure its effectiveness, we have compared its 
performance with some of the available shells. We 
report on the experiments and comparison of our 
shell with FuzzyClips (Orchard, 1996) and FuzzyJ 
(Council, 2001; Orchard, 2001). 
 
The objective of our extended shell is to provide 
a comprehensive tool that is intended to be a 
research tool for fuzzy expert systems developers in 
multi-lingual environments similar to those in the 
Arab world where users and developers use multi-
languages due to their educational backgrounds and 
working environments. It is a general purpose shell 
that is based on the implication methods: Rs, Rg, Rgs, 
Rgg, Rsg and Rss (Fukami, 1980; Siler and Buckley, 
2005; Mizumoto et al., 1979; Mizumoto et al., 1979; 
Mizumoto, 1981). 
 
It is also observed that many shells use dedicated 
programming languages for the expert system 
application development. Consequently, application 
developers are required to learn the programming 
languages that are supported by these shells. 
Learning a new programming language is not a 
desired requisite, especially for those who do not 
have a programming aptitude. Learning a new 
programming language distracts developers from 
their main objective of developing expert systems in 
their specific domains. In our shell, we have used a 
visual environment by adopting a simple graphical 
user interface. The interface supports both Arabic as 
well as English languages and it can be tailored for 
other languages by adding the user interface support 
for the required language.  
   
In (Mathkour et al., 2009), we developed 
comparison criteria to evaluate aspects of available 
expert system shells. The criteria include evaluation 
of end-user interface, developer Interface and 
availability and installation of shell. In this paper, we 
further discuss these criteria and employ them to 
formulate comparison tables of a larger number of 
existing expert system shells. 
 
The rest of the paper is organized as follows: 
Section 2 presents a comparison of twenty expert 
system shells along with brief description of the 
comparison criteria. Section 3 presents the developed 
fuzzy shell, describes the implication methods, and 
the implementation. Section 4 presents 
experimentation with the system. Section 5 presents 
a comparison of our shell to some existing ones. 
Section 6 concludes the paper. 
 
2. Comparison of Existing Shells 
 
We have endeavored to compare the features of 
twenty shells of those available commercially and 
otherwise. These include Fuzzy Logic(Mathworks, 
1999), JFK (López-Ortega, 2006), FuzzyJess 
(Orchard, 2001), FuzzyCLIPS (Orchard, 2004), 
FuzzyShell (Pan, 1996), FLINT (Shalfield, 2005), 
FLOPS (Siler and Buckley, 2005), CLIPS 
(Giarratano, 1998), Jess (Friedmann-Hill, 1999), 
Flex(Vasey, 1996), PSS (Forgy, 1981), ESB (Kent 
and Denholm, 1990), ESBuilder (Ishihara et al, 
1995), and FuzzyJ toolkit (Council, 2001; Orchard, 
2001). First we present a discussion of the 
comparison criteria, then present the results of our 
comparison in Table 8. 
 
2.1 End-user interface 
The user interface is an important component of 
any software development tool as it allows 
interaction between application developers and the 
tool. The user interface must be natural in the context 
applications that are being developed thereby 
releasing the developers from learning extraneous 
concepts and focusing on the development issues.  
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The quality of the user interface is judged by its ease 
of use and naturalness. The following features are 
indicators of the quality of an interface: 
1. Explanation facilities: This is used to explain 
the process through which the system has 
arrived at a decision.  
2. User friendliness: This is judged by the quality 
of graphical user interface components such as 
menus, buttons, and usage of a natural 
language. 
3. The ability to change the earlier answers 
without having to repeat the session from the 
beginning. 
 
2.2 Developer interface 
The expert system developers enter their 
knowledge through the rule editor. The rule editor 
should support the rule type selection and creation, 
rule change and update process, mathematical 
operations to implement the inference engine 
strategies, built-in member functions, de-
fuzzification methods, certainty factor handling, 
error correction, and fact refinement and 
documentation. In addition to these, the rule editor 
must have provisions to interact with external 
environments like DBMSs, Spread sheets and 
Programming in modern languages like Java and C#. 
Features related to the rule editor are shown in Table 
1 to Table 5 with their respective weights. 
 
2.3 Procurement and installation 
The availability of these tools could be 
problematic in some linguistic regions of the world. 
Once available, their installation is not always 
straight forward. Hence we have used it as an 
evaluation factor. Table 6 and 7 shows the weight 
assigned to measure the ease of procurement and 
installation.  
 
Table 1. Rule type weight 
Rule Type Weight 
Complex IF-THEN-ELSE rule 5 
Complex IF-THEN rule 
(multiple antecedents or/ and  
multiple consequents) 
3 
Simple IF-THEN rule (one  
antecedent one consequent) 
1 
 
 
 
 
Table 2. Rule chaining weight 
Method  Symbol 
Forward F 
Backward B 
No built in chaining strategy 
(user defined) 
NA 
Table 3. Math capability  weight 
Supported Math Functions Weight 
Advanced math functions  5 
Basic math functions  3 
None 1 
Table 4. Inference strategy weight 
Supported Inference Strategies Weight 
None 1 
One or Two  3 
Three 5  
Table 5. Documentation weight 
Documentation  Weight 
Comprehensive & easy to read 5 
Brief  1 
Table 6. Procurement weight 
Procurement Method Weight 
Download from the Internet 5 
Order package CD  1 
Table 7. Installation weight 
Installation  Method Weight 
Unpack (run) one file 5 
Unpack source and compile 1 
 
3. The Proposed Bilingual Fuzzy Expert System 
Shell 
The entry point to the system provides the users 
with the option of building expert systems using 
Arabic or English knowledge bases (Fig. 1). Upon 
selection, Arabic or an English screen portraying the 
main components of system is displayed (Fig. 2.a 
and 2.b). The main components of the shell are the 
variable editor, rule editor, and the inference engine. 
 
3.1 The variable editor 
The variable editor’s main purpose is to provide 
functions to create, edit, and delete fuzzy variables, 
their fuzzy values, membership functions, and 
universe of discourse. The layout of our variable 
editor is shown in Fig. 3.a and 3.b. The variable 
editor can be launched from the menu button of 
“Variable Editor”  “ﺕﺍﺮѧﻴﻐﺘﻤﻟﺍ ﺭﺮѧﺤﻣ” in Fig. 3. Created 
variables and their properties can be seen from a 
dropdown menu. 
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Fig. 1. System entry point. 
 
   
(a) 
  
(b) 
Fig. 2. The arabic and english components of the 
system. 
 
3.2 Rules and Rule-base Editor 
For The rule-base editor permits application 
developers to create, edit and delete rules. The rules 
are of the form IF antecedents Then consequents. A 
rule may have more than one antecedent and one 
consequent. Also, the editor allows the “Else part” in 
the rules. We use rules as our knowledge 
representation scheme because they are natural in 
representing expert knowledge, and they are easier to 
understand, modify, and maintain. 
The rule editor can be launched from the menu 
entitled “KB Editor”  “  ﺪﻋﺍﻮﻗ ﺭﺮﺤﻣﺔﻓﺮﻌﻤﻟﺍ ” on the menu 
bar of Fig. 2. Figure 4 shows the layout of the 
Knowledge base editor at the creation of a new 
knowledge base. A new knowledge base is created 
using “New KB” “ﺔѧﻓﺮﻌﻣ ﺓﺪѧﻋﺎﻗ ﻝﺎѧﺧﺩﺍ “ in the menu bar 
of Fig. 2. 
 
 
(a) 
 
(b) 
Fig. 3. Arabic//english variable editor layout. 
 
 
(a) 
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(b) 
Fig. 4. The arabic/english layout of the knowledge 
base editor. 
 
3.3 Inference rngine 
The inference engine uses implication, 
composition, aggregation and linkage as given in 
(Leung and  Lam, 1988; Aly and Vrana, 2006; 
Bandler and Kohout, 1980), and briefly described in 
the following subsections. It is the part of the 
knowledge based system that is responsible for 
deriving conclusions from existing data, i.e., deriving 
new knowledge from existing ones. 
 
3.3.1 The implication methods 
Our shell has a backward inference engine and uses 
the implication methods discussed in  (Fukami et al. 
1980; Mizumoto et al., 1979; Mizumoto et al., 1979; 
Mizumoto et al., 1979, Mizumoto, 1981), namely, 
Rs, Rg, Rgs, Rgg,Rsg, and Rss. Details of the 
inference methods are found in (Mizumoto et al., 
1979; Mizumoto et al., 1979). The choice of the 
inference methods is based on the observation that 
such methods closely mirror the human intuitions as 
compared to those in (Zadeh, 1999; Zadeh, 2006; 
Zadeh, 1975; Mamdani, 1977). This has been 
advocated in previous work (Mizumoto, 1981; 
Mizumoto, 1982). The shell allows the user to either 
use all the implication methods or select one of them. 
Figure 5 shows a screen shot of the working of the 
system when conclusion is obtained using the Rs 
Implication method. The conflict resolution strategy 
used in our shell is the most specific strategy. 
 
A fuzzy inference method needs to satisfy the 
criteria shown in Table 9, in order to resemble 
human intuition (Fukami et al, 1980; Mizumoto, 
1981; Mizumoto, 1982). The inference methods 
presented in (Zadeh, 1994) do not satisfy the criteria 
in Table 9, except CriterionIV-1. The inference 
methods in (Mamdani, 1977) on the other hand 
satisfy Criterion I and II-2.  Criterion II-2 is 
applicable when there is no strong relation between 
“x is A” and “y is B”. In criterion IV-1, information 
about y cannot be inferred from the conditional 
inference “if  x is A then y is B” when “x is not A”.  
Details of related issues are found in (Bandler and. 
Kohout, 1980; Willmott, 1980; Mizumoto, 1981, 
Mizumoto, 1982).  
 
 
(a) 
 
(b) 
Fig. 5. Conclusion obtained using Rs implication. 
 
Following the criteria in Table 9, fuzzy 
inferences can be classified into the following four 
types. Illustration of criteria that are satisfied by the 
implication methods Rs, Rg, Rgs, Rgg, Rsg, and Rss 
is given in Table 10 (Fukami, 1980; Mizumoto, 
1981; Mizumoto, 1982). 
 
x Type 1: The binary relation between the 
antecedent A and the consequence B is 
translated into ),( BARs . In type 1 inference, 
Criteria I, II-1, III, IV-1 are satisfied. 
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Table 9. Fuzzy inference criteria 
 
 
Criterion I 
Ant 1: if x is A then y is B 
An t2: x is A 
 
Cons: y is B 
 
 
Criterion II-1 
 
Ant 1: if x is A then y is B 
Ant 2: x is very A 
 
Cons: y is very B 
 
 
Criterion II-2 
 
Ant 1: if x is A then y is B 
Ant 2: x is very A 
 
Cons: y is B 
 
 
Criterion III 
 
Ant 1: if x is A then y is B 
Ant 2: x is more or less A 
 
Cons: y is more or less B 
 
 
Criterion IV-1 
 
Ant 1: if x is A then y is B 
Ant 2: x is not A 
 
Cons: y is unknown 
 
 
Criterion IV-2 
 
Ant 1: if x is A then y is B 
Ant 2: x is not A 
 
Cons: y is not B 
 
x Type 2: The binary relation between the 
antecedent A and the consequence B is 
translated into ),( BARg . In type 2 inference, 
Criteria I, II-2, III, IV-1 are satisfied. 
x Type 3: The binary relation between the 
antecedent A and the consequence B is 
translated into ),( BARsg . In type 3 inference, 
Criteria I, II-1, III, IV-2 are satisfied. 
x Type 4: The binary relation between the 
antecedent A and the consequence B is 
translated into ),( BARgg . In type 4 inference, 
Criteria I, II-2, III, IV-2 are satisfied. 
 
An Rs implication example: 
For the rule, If x is small then y is middle, where 
U=V= 0+1+2+3+4+5+7+8+9+10, 
A=small= 1/0+0.8/1+0.6/2+0.4/3+0.2/4, and 
B= middle 
=0.2/2+0.4/3+0.8/4+1/5+0.8/6+0.4/7+0.2/8,  
Rs(A,B) is given in the Table 11. 
 
3.3.2 Composition 
A fuzzy composition relation R(A,B) of R1 and R2 
is simply the relation obtained by applying R1 and 
R2 one after the other. The most frequently used 
  Table 10. Criteria satisfied by each implication method 
Ant 2 Cons Rs Rg Rgs Rgg Rsg Rss 
A B + + + + + + 
Very A Very B + - - - + + 
Very A B - + + + - - 
More or less A More or less B + + + + + + 
Not A Not B - - + + + + 
 
      Table 11. Rs(A,B) 
 
 
 
 
 
U 
 
V 
 0 1 2 3 4 5 6 7 8 9 10 
0 0 0 0 0 0 1 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 
2 0 0 0 0 1 1 1 0 0 0 0 
3 0 0 0 1 1 1 1 1 0 0 0 
4 0 0 1 1 1 1 1 1 1 0 0 
5 1 1 1 1 1 1 1 1 1 1 1 
6 1 1 1 1 1 1 1 1 1 1 1 
7 1 1 1 1 1 1 1 1 1 1 1 
8 1 1 1 1 1 1 1 1 1 1 1 
9 1 1 1 1 1 1 1 1 1 1 1 
10 1 1 1 1 1 1 1 1 1 1 1 
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composition operator in fuzzy logic is the Max-Min 
composition operator in (Zadeh, 1999; Zadeh, 1975) 
and it is the one we used in our shell. 
Max-Min Composition 
Let R be a fuzzy relation in X × Y, and S be a 
fuzzy relation in Y × Z. The Max-Min 
composition of R and S, RoS, is a fuzzy 
relation in X × Z such that 
RoS↔μRoS(x,z) =   v {μR(x,y) ^ μS(y,z) } 
 
A Max-Min composition example: 
Suppose we have the following two relations R 
and S: 
 
 
 
»»
»
¼
º
««
«
¬
ª
»¼
º«¬
ª 
6.00
11.0
8.05.0
1.019.0
06.04.0 $$ SR  
 
max{min(0.4,0.5), min(0.6, 0.1), min(0, 0)} = max{ 0.4, 0.1, 0} = 0.4 
max{min(0.4,0.8), min(0.6, 1), min(0, 0.6)}= max{ 0.4, 0.6, 0} = 0.6 
max{min(0.9,0.5), min(1, 0.1), min(0.1, 0)}= max{ 0.5, 0.1, 0} = 0.5 
max{min(0.9,0.8), min(1, 1), min(0.1, 0.6)}= max{ 0.8, 1, 0.1} = 1 
 
3.3.3The Aggregation and link operators 
An aggregation operator is needed when a rule has k 
conditions. The rule is decomposed into k 
implications. Each implication is used separately to 
infer a value by applying the fuzzy implication The 
values are then aggregated using the aggregation 
operators used in the rule including OR and AND. 
The final result is obtained after a MAX operation 
over the corresponding values inferred by all the 
rules or fuzzy membership functions (Zadeh, 1975; 
Fukami, 1980; Mizumoto, 1981; Mizumoto1982; 
Zadeh, 1999). 
 
3.4 Implementation Issues 
Similar to that in (Mathkour et al., 2009), the 
main data structures used in the implementation of 
the shell are arrays. Since all the implication 
methods used here depend on the Rs and Rg 
operations, there was a need to implement Rs and Rg 
operations as separate methods. Both methods accept 
two parameters and return the result after performing 
Rs or Rg implication.  Each of the six implications 
was implemented as methods that accept two 
matrices and return the result after performing the 
implication of the whole matrices. 
 
4. Experimental Results 
 
The purpose of this section is to illustrate that our 
fuzzy expert system shell produces correct results 
and the implication methods used satisfy the criteria 
mentioned in Table 9. The knowledge base used in 
this experiment is taken form (Ganoud, et al. 2005). 
In (Ganoud, et al. 2005), the authors study the 
influence of random factors on the planning of 
building works. Deciding the exact period of 
building projects is a very difficult job due to the fact 
that building projects are affected by different 
unpredictable factors. The random factors which are 
studied include three factors: the cessation of 
machines, the absence of some professionals, and the 
influence of weather condition. The rules are given 
in Table 12 and the membership functions are given 
in Figures 6 to 9 (Ganoud, et al. 2005). 
 
Fig. 6. The membership function of "absence of 
professionals". 
 
 
 
Fig. 7. The membership function of "weather 
changes". 
 
Fig. 8. The membership function of machine 
cessation". 
R y1 y2 y3 
x1 0.4 0.6 0 
x2 0.9 1 0.1 
S z1 z2 
y1 0.5 0.8 
y2 0.1 1 
Y3 0 0.6 
 53          ).H0341/9002( hdayiR ,icS .ofnI & .pmoC ,12 .loV ,ytisrevinU duaS gniK .J 
 
 
 
 noisulcnoc eht fo noitcnuf pihsrebmem ehT .9 .giF
 ."gnidliub fo doirep eht ni esaercni"
 
 
 llA .selur yzzuf 72 fo stsisnoc esab egdelwonk ehT
 ehT .stnedecetna fo rebmun emas eht evah selur eht
 sa selur 72 eht lla ni desu era selbairav yzzuf emas
 saw llehs ehT .)tegrat( noisulcnoc emas eht sa llew
 tnereffid htiw emit hcae ,semit lareves nur
 :era snoitavresbo ehT .noitavresbo
 
 
 
 )a(
 
 )b(
 .1 noitavresbo fo tluseR .01 .giF
 
 si Z dna hgih si Y ,wol si X :1 noitavresbO x
 .hgih
 taht )01 erugiF ni detartsulli sa( devresbo si tI
 detcepxe eht nevig sah ggR dna sgR,gR gnisu
 rehto eht nO .9 elbaT eht ot gnidrocca stluser
 ew ssR dna ,gsR ,sR snoitacilpmi eht gnisu ,dnah
 secirtam gnitluser eht gninimaxe nopu tuo dnuof
 tub detcepxe sa tcaxe ton erew stluser eht taht
 .detcepxe saw tahw ot esolc yrev erew
 
 
 
 te ,duonaG( tnemirepxe eht ni desu atad selur ehT .21 elbaT
    )5002 .la
 
 ﺍﻟﻘﺎﻋﺪﺓ
ﻧﺴﺒﺔ ﺍﻟﺘﻌﻄﻞ 
 ﺍﻟﻨﺎﺟﻢ ﻋﻦ
ﺗﻌﻄﻞ 
 ﺍﻵﻟﻴﺎﺕ
ﻧﺴﺒﺔ ﺍﻟﺘﻌﻄﻞ 
ﺍﻟﻨﺎﺟﻢ ﻋﻦ 
 ﻏﻴﺎﺏ ﺍﻟﻌﻤﺎﻝ
ﻧﺴﺒﺔ ﺍﻟﺘﻌﻄﻞ 
ﺍﻟﻨﺎﺟﻢ ﻋﻦ 
ﺍﻟﻈﺮﻭﻑ 
 ﺍﻟﺠﻮﻳﺔ
 ﺍﻟﻨﺘﻴﺠﺔ
 ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ﻣﻨﺨﻔﻀﺔ ١
 ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ﻣﺘﻮﺳﻄﺔ ٢
 ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ٣
 ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ﻣﺘﻮﺳﻄﺔ ﻣﻨﺨﻔﻀﺔ ٤
 ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ﻣﻨﺨﻔﻀﺔ ٥
ﻣﻨﺨﻔﻀﺔ  ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ٦
 ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ٧ ً
 ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ﻣﺘﻮﺳﻄﺔ ٨
 ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ﻣﻨﺨﻔﻀﺔ ﻣﺘﻮﺳﻄﺔ ٩
 ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ٠١
 ﻋﺎﻟﻴﺔ ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ﻣﺘﻮﺳﻄﺔ ١١
 ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ﻣﻨﺨﻔﻀﺔ ﻣﺘﻮﺳﻄﺔ ٢١
 ﻣﺘﻮﺳﻄﺔ ﻣﻨﺨﻔﻀﺔ ﻋﺎﻟﻴﺔ ﻣﺘﻮﺳﻄﺔ ٣١
 ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ٤١
ﻣﻨﺨﻔﻀﺔ  ﻣﺘﻮﺳﻄﺔ ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ٥١
 ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ﻣﻨﺨﻔﻀﺔ ﻋﺎﻟﻴﺔ ٦١ ً
 ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ﻣﺘﻮﺳﻄﺔ ﻣﻨﺨﻔﻀﺔ ٧١
ﻣﻨﺨﻔﻀﺔ  ﻣﺘﻮﺳﻄﺔ ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ٨١
 ﻋﺎﻟﻴﺔ ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ٩١ ً
 ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ﻣﻨﺨﻔﻀﺔ ٠٢
 ﻣﺘﻮﺳﻄﺔ ﻣﻨﺨﻔﻀﺔ ﻋﺎﻟﻴﺔ ﻣﻨﺨﻔﻀﺔ ١٢
 ﻋﺎﻟﻴﺔ ﻣﻨﺨﻔﻀﺔ ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ٢٢
 ﻋﺎﻟﻴﺔ ﻋﺎﻟﻴﺔ ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ٣٢
 ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ﻣﻨﺨﻔﻀﺔ ﻋﺎﻟﻴﺔ ٤٢
 ﻣﺘﻮﺳﻄﺔ ﻣﻨﺨﻔﻀﺔ ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ٥٢
 ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ﻣﺘﻮﺳﻄﺔ ﻋﺎﻟﻴﺔ ٦٢
 ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ﻣﻨﺨﻔﻀﺔ ﻋﺎﻟﻴﺔ ٧٢
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(b) 
Fig. 11. Result of observation 2. 
 
x Observation 2: X is not low, Y is not high 
and Z is not high. 
It is observed (as illustrated in Figure 11)  that all the 
implications has given  the expected results 
according to the Table 9 except for Rgs and Rss. 
Examining the matrices that resulted from using Rgs 
and Rss we have found that they were very much 
close to the matrix of the expected result which is 
"not high". The result in words should have been 
“more or less not high", but because the shell is not 
designed to handle composite hedges the result 
matrix was translated to "more or less low" 
x Observation 3: X is very low, Y is very 
high and Z is very high. 
It is observed (as illustrated in Figure 12) that the 
implications Rg, Rgs and Rgg have given the 
expected results according to Table 9. On the other 
hand, the implications Rs ,Rsg and Rss have given 
different results than expected.  Upon examining the 
matrices that resulted from using Rs, Rsg and Rss we 
found that they were very much close to the matrix 
of the expected result  which is "very high" . The 
result in words should have been " more or less very 
high" ,but because the shell is not designed to handle 
composite hedges the result matrix was translated to 
"more or less high". 
 
(a) 
 
(b) 
Fig. 12. Result of observation 3. 
 
x Observation 4: X is more or less low, Y is 
more or less high and Z is more or less 
high. 
It is observed (as illustrated in Figure 13) that 
the implications Rs, Rsg, and Rss all have given 
the expected results according to Table 9. But 
for the rest of the implication methods the 
results are close to the expected. 
 
 
(a) 
 
(b) 
Fig. 13. Result of observation 4. 
 
5. Comparison with Existing Tools 
 
We demonstrate that the proposed fuzzy shell 
performs in a natural manner that mirrors the human 
inferences of real world problems and yields the 
expected conclusions that conform to human 
possible conclusions as compared to other tools. The 
comparison is made with tools that use the inference 
methods in (Mamdani, 1977) which are commonly 
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used in commercial fuzzy expert system shells such 
as FuzzyClips, and with tools such as FuzzyJ Toolkit 
that allows for different inference methods including 
those discussed in (Aly and Vrana, 1977; Mamdani, 
1977; Mizumoto, et all, 1979). We examine the 
performance of both FuzzyClips and FuzzyJ Toolkit 
shells and compare their results with that of our shell 
using the four observations detailed in Section 4. For 
this purpose, the English-translation of the data in 
Table 12 is used. 
 
5.1 A comparison with fuzzyCLIPS 
Mamdani's inference methods are the most 
commonly used in commercial fuzzy expert system 
shells. It has been observed that inference methods in 
(Mamdani, 1977) do not satisfy human intuition 
(Fukami et al. 1980; Mizumoto, 1982). We 
demonstrate this observation by examining the 
behavior of FuzzyCLIPS with the rules and fuzzy 
variables of discussed in Section 4. 
 
Table 12. The only criteria satisfied by mamdani's methods 
Criterion I 
Ant1: IF x is A Then y is B 
Ant2: x is A 
Cons: y is B  
Criterion II-2 
Ant1: IF x is A Then y is B 
Ant2: x is very A 
Cons: y is B 
 
The definitions of the fuzzy variables and the fuzzy 
rule using FuzzyCLIPS are shown in Figures 14 to 
18 below: 
 
(deftemplate x ;definition of fuzzy variable 
‘Machine cessation’ 
   15 45 ;Universe of Discourse 
((low (16 0.1) (17 0.3) (18 0.5) (19 1) (20 
0.6)   (21   0.5) ( 22 0.3) (23 0.1)) 
(medium (21 0.1) (22 0.2) (23 0.4) (24 0.5) 
(25 0.6) (26 0.7) ( 27 0.6) (28 0.5) (29 
0.4)(30 0.2)(31 1)) 
(high (31 0.1) (32 0.2) (33 0.3) (34 0.4) (35 
0.5) (36 0.6) ( 37 0.7) (38 0.1) (39 0.7)(40 
0.6)(41 0.5) (42 0.4) (43 0.3) (44 0.2) (45 
0.1))     
  ) 
) 
 
Fig. 14. Variable x definition using fuzzyCLIPS 
 
 
 
(deftemplate y ;definition of fuzzy variable 
‘Absence of professionals’ 
   4 16 ;Universe of Discourse 
  (  
    (low   (5 0.2) (6 1) (7 0.2) ) 
    (medium  (7 0.4) (8 1) (9 1) (10 1) (11 1) 
(12 1)) 
    (high (11 0.2) (12 0.5) (13 1) (14 0.5) (15 
0.2))  
  ) 
) 
 
Fig. 15. Variable y definition using fuzzyCLIPS. 
 
 
(deftemplate z ;definition of fuzzy variable 
‘Weather changes’ 
   10 90 ;Universe of Discourse 
  (  
    (low   (10 0.2) (20 0.6) (30 1) (40 0.2)) 
    (medium   (40 0.7) (50 1) (60 0.7) ) 
    (high (70 0.7) (80 1) ) 
  )) 
 
Fig. 16. Variable z definition using fuzzyCLIPS. 
 
 
(deftemplate cons ;definition of fuzzy 
variable ‘Conclusion’ 
   20 100 ;Universe of Discourse 
  (  
 (low   (25 0.2) (30 0.5) (35 0.7) (40 
1) (45 0.7) (50  0.5) (55 0.2) ) 
    (medium   (55 0.5) (65 1) (70 0.6) (75 0.5) 
) 
    (high (80 0.2) (85 1) (90 0.5) (95 0.2) ) 
  ) 
 
) 
 
Fig. 17. Conclusion definition using fuzzyCLIPS. 
(defrule r1 ; a rule that matches and asserts 
fuzzy facts 
(x low)  (y high) (z high) 
=> 
(assert (cons high) ) 
) 
 
Fig. 18. Fuzzy rule definition using fuzzyCLIPS. 
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FuzzyCLIPS was run several times with the same 
observations in Section 4 and the results are as 
follows (Figures 19 to 22): 
x Observation 1 : X is Low , Y is High and Z 
is high. 
 
FuzzyCLIPS gives the expected result according to 
Criteria I in Table 9. This is natural and expected as 
all observations match all antecedents. 
 
 
 
Fig. 19. FuzzyCLIPS result for Observation 1. 
 
x Observation 2: X is not low, Y is not high 
and Z is not high. 
When the antecedents contain the NOT hedge, 
FuzzyCLIPS yields a fuzzy set that cannot be 
mapped to a linguistic expression. This is expected 
as Mamdani's methods do not satisfy Criterion IV-1 
and Criterion IV-2 of Table 9. 
 
 
 
Fig. 20. FuzzyCLIPS result for observation 2. 
 
x Observation 3: X is very low, Y is very 
high and Z is very high. 
 
FuzzyCLIPS gives the expected result according to 
Criteria II-2 in Table 9. 
 
 
 
Fig. 21.  FuzzyCLIPS result for observation 3. 
 
x Observation 4: X is more or less  low, Y is 
more or less  high and Z is more or less 
high. 
The resulting fuzzy set cannot be mapped to a 
linguistic expression. From the result shown in figure 
9 it is clear that Mamdani's methods do not satisfy 
criterion III. 
 
 
 
Fig. 22.  FuzzyCLIPS result for observation 4. 
 
5.2 Comparison with FuzzyJ Toolkit 
FuzzyJ Toolkit is a set of Java classes that 
provide the capability to handle fuzzy concepts and 
reasoning (Orchard,2001). It allows for different 
inference methods including those in (Aly and 
Vrana, 2006; Mamdani, 1977). We examine the 
behavior of FuzzyJ Toolkit using the rules and fuzzy 
variables of Section 4. Figures 23 to 27 show the 
fuzzy variables and fuzzy rule definitions. 
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Fig. 23.  Definition of fuzzy variable x using fuzzyJ toolkit. 
 
 
 
Fig. 24.  Definition of fuzzy variable y using fuzzyJ foolkit. 
 
 
 
Fig. 25. Definition of fuzzy variable z using fuzzyJ toolkit. 
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FuzzyJ was run several times with the same 
observations in Section 4 and with the inference 
method set to Larsen's inference method. The results 
of the inference are as follows: 
 
x Observation 1 : X is Low, Y is High and Z is 
High. 
The resulting fuzzy set is {0/70, 0.2/75, 0.5/80, 
1/85, 0.5/90, 0.2/95, 0/100}. Here the result given 
by FuzzyJ is "high" which is natural as all the 
observations match the all the antecedents of the 
fuzzy rule.  
 
 
x Observation 2: X is not low, Y is not high and 
Z is not high. 
The resulting fuzzy set is {0/70 ,0.1/75, 0.25/80 
,0.5/85, 0.25/90 ,0.1/95, 0/100}. This result could 
not be mapped to a linguistic expression although it 
is rather close to the fuzzy set "high". 
  
x Observation 3 & Observation 4:  
The resulting fuzzy set is {0/70, 0.2/75, 0.5/80, 
1/85, 0.5/90 ,0.2/95, 0/100}. Here the result given 
by FuzzyJ is "high". Notice that this is the same 
result when no hedges were used. It is obvious that 
the use of the hedge "very" and the "more or less" 
hedge had no effect on the result.  In our shell the 
 
 
Fig. 26.  Definition of fuzzy variable conclusion using fuzzyJ toolkit. 
 
 
Fig. 27. Definition of the fuzzy rule using fuzzyJ. 
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hedges were recognized through the calculation of 
the implication criteria of Table 9. 
 
6. Conclusion 
 
In this paper, we discussed the development of 
our own bilingual fuzzy expert system shell. In the 
process, we have examined, evaluated, and 
compared various fuzzy expert system shells that 
adopt different inference methods for the sake of 
identifying desirable features and examining their 
performance. Our shell was developed using 
NetBeans 4.1 IDE.  It has an Arabic user interface as 
well as an English user interface. The inference 
engine is a backward chaining inference engine. It 
uses the implication methods Rs, Rg, Rss, Rgg, Rgs 
and Rsg.  Several tests have been performed on this 
shell to ascertain its proper functionality. Some of 
the tests have given the expected results that reflect 
human intuitions. Few tests have given results which 
are very close to the expected outcome. We observe 
that when the membership function of fuzzy values 
covers a wide range from 0 to 1, the shell produces 
more accurate results. Experimental results for our 
shell have been reported and analyzed. A comparison 
of the performance of our shell with other shells such 
as FuzzyCLIPS and FuzzyJ has also been discussed. 
We are in the process of extending the shell to allow 
for the processing of fuzzy terms in other natural 
languages.   
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 ﺗﻄﻮﻳﺮ ﺻﺪﻓﻴﺔ ﺛﻨﺎﺋﻴﺔ اﻟﻠﻐﺔ ﻟﺒﻨﺎء اﻟﻨﻈﻢ اﻟﺨﺒﻴﺮة اﻟﻀﺒﺎﺑﻴﺔ
 
 
 ﻋﺎﻣﺮ ﻋﺒﺪاﷲ ﻃﻮﻳﺮو  ﺣﺴﻦ إﺳﻤﺎﻋﻴﻞ ﻣﺬﻛﻮر، إﺳﺮاء ﻣﺤﻤﺪ اﻟﻄﺮﻳﻘﻲ
 
 ﻗﺴﻢ ﻋﻠﻮم اﳊﺎﺳﺐ، ﻛﻠﻴﺔ ﻋﻠﻮم اﳊﺎﺳﺐ و اﳌﻌﻠﻮﻣﺎت، 
 اﻟﻌﺮﺑﻴﺔ اﻟﺴﻌﻮدﻳﺔﺟﺎﻣﻌﺔ اﳌﻠﻚ ﺳﻌﻮد، اﻟﺮﻳﺎض،اﳌﻤﻠﻜﺔ 
 as.ude.usk@ruokhtam
 
 (م٩٠٠٢/٣/٢؛ وﻗﺒﻞ ﻟﻠﻨﺸﺮ ﰲ م٨٠٠٢/٢١/١٢)ﻗﺪم ﻟﻠﻨﺸﺮ ﰲ 
 
ﻳﺴﺘﺨﺪم اﳌﻨﻄﻖ اﻟﻀﺒﺎﰊ ﰲ ﺑﻌﺾ اﻟﻨﻈﻢ اﳋﺒﲑة ﳊﻞ ﻣﺸﻜﻼت ﻣﻦ اﳊﻴﺎة اﻟﻌﻤﻠﻴﺔ واﻟﱵ ﺗﺘﺴﻢ ﺑﺎﻟﻐﻤﻮض. إذ . ﻣﻠﺨﺺ اﻟﺒﺤﺚ
اﺳﺘﺨﺪام اﳌﻨﻄﻖ اﻟﻀﺒﺎﰊ ﻟﱪﳎﺔ اﻟﺘﻄﺒﻴﻘﺎت اﻟﱵ ﺗﻌﺘﻤﺪ ﻋﻠﻰ اﳊﺪس اﻟﺒﺸﺮي ﻣﻦ ﺧﻼل ﺑﻨﺎء ﺻﺪﻓﻴﺎت ﻟﺘﻄﻮﻳﺮ اﻟﻨﻈﻢ ﻣﻦ اﳌﻤﻜﻦ 
اﳋﺒﲑة اﻟﻀﺒﺎﺑﻴﺔ ﻣﻦ أﺣﻞ اﻟﺘﻌﺎﻣﻞ ﻣﻊ اﳌﺸﻜﻼت اﻟﻀﺒﺎﺑﻴﺔ و اﻟﻐﲑ واﺿﺤﺔ. و ﺗﻮﻓﺮ ﻫﺬﻩ اﻟﺼﺪﻓﻴﺎت ﺗﺸﻜﻴﻠﺔ ﻣﻦ اﻟﺪوال ﳝﻜﻦ 
ﻣﻞ ﻣﻊ ﻣﺸﻜﻼت ﰲ ﳐﺘﻠﻒ اĐﺎﻻت و اﻟﺘﻄﺒﻴﻘﺎت ﻣﺜﻞ اﻟﺘﻄﺒﻴﻘﺎت اﻟﻄﺒﻴﺔ، اﺳﺘﺨﺪاﻣﻬﺎ ﻟﺘﺴﻬﻴﻞ ﺗﻄﻮﻳﺮ ﻧﻈﻢ ﺧﺒﲑة ﺿﺒﺎﺑﻴﺔ ﻟﻠﺘﻌﺎ
واﳍﻨﺪﺳﻴﺔ، واﳌﺎﻟﻴﺔ. ﻻ ﺗﺘﻮﻓﺮ ﺣﺴﺐ ﻋﻠﻤﻨﺎ ﺻﺪﻓﻴﺎت ﺑﺮﳎﺔ ﺿﺒﺎﺑﻴﺔ، ﻟﺒﻨﺎء اﻟﻨﻈﻢ اﳋﺒﲑة اﻟﻀﺒﺎﺑﻴﺔ، ﻣﻄﻮرة ﰲ اﻷﺻﻞ ﻟﻠﺘﻌﺎﻣﻞ ﻣﻊ 
ﻟﻀﺒﺎﺑﻴﺔ ﺛﻨﺎﺋﻴﺔ اﻟﻠﻐﺔ. اﳍﺪف ﻣﻦ ﻫﺬﻩ اﻟﺼﺪﻓﻴﺔ اﻟﻠﻐﺔ اﻟﻌﺮﺑﻴﺔ. ﺗﺼﻒ ورﻗﺔ اﻟﻌﻤﻞ ﻫﺬﻩ ﺗﻄﻮﻳﺮ وﲡﺮﺑﺔ ﺻﺪﻓﻴﺔ ﻟﺒﻨﺎء اﻟﻨﻈﻢ اﳋﺒﲑة ا
اﻟﱪﳎﻴﺔ ﻫﻮ اﺳﺘﺨﺪاﻣﻬﺎ ﻛﺄداة ﲝﺜﻴﺔ ﳌﻄﻮري اﻟﻨﻈﻢ اﳋﺒﲑة اﻟﻀﺒﺎﺑﻴﺔ ﰲ اﻟﺒﻴﺌﺎت ﺛﻨﺎﺋﻴﺔ اﻟﻠﻐﺔ ﻛﻤﺎ ﻫﻮ اﳊﺎل ﰲ اﻟﻌﺎﱂ اﻟﻌﺮﰊ ﺣﻴﺚ 
ﻣﻊ اﳌﺼﻄﻠﺤﺎت ﺗﻜﻮن اﺳﺘﺨﺪاﻣﺎت اﳌﻄﻮرﻳﻦ ﻣﺘﻌﺪدة اﻟﻠﻐﺎت ﺑﺴﺒﺐ ﻧﻈﺎم ﺗﻌﻠﻴﻤﻬﻢ وﺑﻴﺌﺔ ﻋﻤﻠﻬﻢ. ﺗﺴﻤﺢ اﻟﺼﺪﻓﻴﺔ ﺑﺎﻟﺘﻌﺎﻣﻞ 
اﻟﻀﺒﺎﺑﻴﺔ ﰲ اﻟﻠﻐﺘﲔ اﻟﻌﺮﺑﻴﺔ واﻹﳒﻠﻴﺰﻳﺔ. وﺗﻌﺘﱪ ﺻﺪﻓﻴﺔ ﺑﺮﳎﺔ ﻋﺎﻣﺔ اﻷﻫﺪاف ﺗﻮﻓﺮ ﻟﻠﻤﺴﺘﺨﺪﻣﲔ اﻟﻘﺪرة ﻋﻠﻰ ﺗﻄﻮﻳﺮ ﻧﻈﻢ ﺧﺒﲑة 
ﺿﺒﺎﺑﻴﺔ ﻋﺮﺑﻴﺔ وإﳒﻠﻴﺰﻳﺔ ﺑﺎﺳﺘﺨﺪام واﺟﻬﺔ ﻣﺴﺘﺨﺪم ﻣﺒﺴﻄﺔ. وﺗﻘﻮم ﺑﺘﻄﺒﻴﻖ ﻃﺮق اﻻﻗﺘﻀﺎء ﰲ ﳏﺎﻛﺎة ﻟﻠﺤﺪس اﻟﺒﺸﺮي. ﰎ ﻋﻨﺪ 
ﺎرﻧﺔ ﻋﺪة ﺻﺪﻓﻴﺎت ﻟﺘﻄﻮﻳﺮو ﺑﺮﳎﺔ اﻟﻨﻈﻢ اﳋﺒﲑة اﻟﻀﺒﺎﺑﻴﺔ ﻟﺘﺤﺪﻳﺪ ﻧﻘﺎط اﻟﻘﻮة واﻟﻀﻌﻒ ﻟﻠﱪﳎﻴﺎت اﳌﺘﻮﻓﺮة.  اﻟﺘﻄﻮﻳﺮ دراﺳﺔ و ﻣﻘ
ﻛﻤﺎ ﰎ إﻋﺪاد ﺗﻘﺮﻳﺮ ﻋﻦ ﲡﺮﺑﺔ و اﺧﺘﺒﺎر اﻟﺼﺪﻓﻴﺔ اﳌﻄﻮرة وﻣﻘﺎرﻧﺔ أداﺋﻬﺎ ﻣﻊ اﻟﺼﺪﻓﻴﺎت اﳌﺘﻮﻓﺮة واﻟﱵ ﺗﺴﺘﺨﺪم ﻃﺮﻗًﺎ اﻗﺘﻀﺎﺋﻴﺔ 
 ﳐﺘﻠﻔﺔ.
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